The purpose of this paper is to explore a metasystem perspective and implications for governance of complex systems. Governance of complex systems is the set of functions that manage the system to achieve its goals while the system experiences change. A metasystem perspective is essential to understanding the factors affecting system governance and in defining the minimum critical specifications for governance of a complex system or system of systems. This paper explores metasystem perspectives and identifies implications for governance to better understand metasystem functions. The paper concludes with recommendations for further research in complex system governance.
Introduction
Complex system governance functions and responsibilities can be viewed differently within System of Systems (SoS) and SoS Engineering (SoSE) domains. Alternative views about system concepts and activities could affect a range of topics in systems thinking, from interconnecting and integrating systems to the metasystem and its environment. System complexity is equally varied in how it is viewed within a range of properties from invariant to chaotic (Kurtz and Snowden, 2003; Snowden, 2002) . The metasystem can be viewed as a larger version of individual systems, performing essentially the same functions but on a much broader scale or it can be viewed at a higher logical level, controlling or governing a system of integrated or interconnected systems (Palmer, 2000) .
Governance is routinely framed and accomplished through a reductionist view of the system due to the persistent, incomplete, and speculative knowledge of the complex system and its environment (Keating et al., 2008) . These variations in vantage points, viewpoints, and perspectives lend to the continued lack of agreement on development of SoS concepts and fragmentation in the body of knowledge (Keating, 2014) .
Metasystem
In cybernetics, management, and systems thinking, Stafford Beer's viable system model (VSM) and description of the subsystems, metasystem, and functions is widely acknowledged. Table 1 was developed from Beer (1979) and lists the VSM systems, functions, and associations. Table 1 VSM systems, functions, and associations
VSM systems Concise description of functions and associations
Fundamental operations -the system being governed
Without this system there is no purpose for the organisation System 1 (S1)
Interacts with: S2, S3, S3*, environment
Coordination function
Examples include production plans, schedules, non-executive managing System 2 (S2)
Interacts with: S1, S3, S3*, S4, S5
Control Function
Senior management's control of S1 and supervision of S2 The investigation into metasystems and governance by Djavanshir et al. (2009) indicates a parallel perspective on the metasystem to that of Beer's, albeit in a SoS context. They described a metasystem as an extended version of a SoS with a centralised governance mechanism and a transition strategy that manages change. More recently, Keating (2014) calls the purpose of SoSE "...the design, deployment, operation, and transformation of the metasystem". Beer's metasystem description is a good starting point in framing a metasystem perspective. So, what are some real-world examples of a metasystem? Is a city a metasystem? What about a department store chain's logistics management system? In the example of a city or metropolis, we see it as being comprised of multiple complex systems (political, security, economic, social, information and infrastructure) and simple systems (transportation signage, parks, connected sidewalks). Seeing a metasystem as multiple systems interconnected can have value. Seeing it as a mega system through a reductionist's view demands knowledge of the individual systems in order to understand and govern the total system. Under systems thinking, a city is viewed as a complex system or SoS. The metasystem is then city government, laws and policies, which is essentially an extended version of the SoS with a centralised governance mechanism and a transition strategy that manages change. Figure 1 is an interpretation of Beer's VSM indicating city government as the metasystem, governing the city's multiple system ones (S1s) using a variety of governance functions (S2-S5). Government as a metasystem, or any other metasystem, is expected to deal with increasingly complex problems in order to effectively and efficiently govern the system(s) under its purview. Latter-day, increasingly complex systems may demand more detailed descriptions of metasystem functions than Beer provided to ensure contemporary complex system governance is indeed holistic. Advances in technology applications, population growth, diversity in cultures, all of these and more play a role in creating ill-structured, wicked, or messy problems (Hester and Adams, in press; Rittel and Webber, 1973) . Solving these problems demands varying perspectives because no singular perspective provides for efficient and effective governance. Traditionally problems are dissected into manageable parts and solved using this reductionist view, which is often needed to see how a subsystem operates and learn how to optimise it for itself (sub-optimisation) and then for the 'greater good'. The 'greater good' refers to a holistic view, or a view beyond oneself, one system, or one subsystem. Holism offers a different paradigm and wider lens to creative solutions when problems are solved. No doubt this is challenging, as widely evidenced in the continued application of reductionist problem solving techniques. It certainly requires uncommon creativity to think, operate, and make decisions holistically. Applying creative holism in problem solving and governance at the metasystem level enables the system governor to draw from a variety of system solutions, either individually applied or in combinations (Jackson, 2006) .
Governance
Do all system governors do the same thing? What is governance? It certainly is not management or it would be called management. The same logic applies to control, leadership, oversight, and a host of other related terms. So, perhaps governance can be viewed as a conglomeration of things and actions that result in the production or accomplishment of something. This is obviously a broad generalisation but it does indicate that perspectives can be quite different in defining or shaping a perspective on governance. As evidenced in the city example and by asking: what does a city government do; what are its outputs; what subsystem elements does it control and how does it control them; and what communication pathways and nodes does is use, it is evident there needs to be consideration of the types of perspectives available when framing a description of governance. Calida (2013) identifies no less than eight types of perspective on governance: process-centric, structure-centric, hybrid, corporate governance, new public management, public policy, international security, and social and political. Regardless of the type(s) of perspective considered, the implications on governance, particularly the implications for metasystem functions, are rooted in the SoSE design principle of minimum critical specification (MCS).
Metasystem governance implications

MCS and the law of requisite variety
Keys (1991) explored a metaphorical analysis in an attempt to understand the brain as a hologram. He showed that if a part of the brain is removed the remainder is able to take over the part's specialised functions due to the evolution of new processes and internal restructuring, resulting in a high degree of flexibility of operation. Keys drew linkage to the SoSE design principle of self-organisation, characterised as the spontaneous emergence of order out of the local interactions between initially independent components (Ashby, 1947; Foerster and Zopf, 1962) . This suggests organisations design the conditions that foster or encourage self-organisation to facilitate timely responses to changes in the environment in order to ensure the system remains viable. Keys concluded these principles and their practical consequences are strongly influenced by cybernetic thinking and revolve around two, amongst others, SoSE design principles: MCS and the Law of Requisite Variety.
The MCS principle has two aspects, negative and positive. The negative simply states that no more should be specified than is absolutely essential while avoiding specifying how things should be done; the positive requires that we identify what is essential (Cherns, 1976 (Cherns, , 1987 Oborski, 2003) . The Law of Requisite Variety says control can be obtained only if the variety of the controller is at least as great as the variety of the situation to be controlled (Ashby, 1956; Conant and Ashby, 1970) .
SoSE design principles include MCS. MCS aid Beer's System Ones (S1s), the metasystem-governed-system(s), in achieving creative, efficient solutions to complex problems. They also help the metasystem perform its governance function efficiently while avoiding performance errors or placing the system at risk.
Uncertainty, redundancy, variety, self-organisation, and emergence
The metasystem function must in part address uncertainty, redundancy, variety, self-organisation, and emergence. Linking this back to MCS, it suggests that specifying prematurely how things should be done risks eliminating options in the interest of reducing uncertainty (Cherns, 1987) . Governed systems are often inhibited by a tendency of the governor to over-define or over-control, which negates redundancy, variety and innovative potential, however MCS help preserve capacities for self-organisation and create a situation where systems can be self-designing (Morgan, 1997) . Where managers [governors] must set up controls, they are best confined to MCS to allow structure, process, and goals to emerge (Holmer, 1999) . Morgan (1993) referenced a study on termite behaviour which revealed selforganisation emerging from the chaos of a termite colony. He described this as a masterpiece that evolves from random, chaotic activities being guided by an overall sense of purpose and direction. He suggested that effective leadership or change management need not result from detailed strategic planning or forced organisation but through openended management, encouraging and allowing desirable initiatives to emerge due to actions being informed and guided by a strong sense of the desired outcome. The termite colony example leads to the concept of varying states of requirements or specifications. In this case, suggesting over-simplification or over-specification is unnatural for a termite colony so somewhere there exists a state of MCS where the result is an overall sense of purpose and direction is held by each member of the colony. How does this come to be? Who or what is the metasystem in the termite colony? These questions are posed to suggest there is some level of governance and some threshold of minimum specification that make the colony's governance efficient and effective by some measureable standard. Figure 2 is a depiction of thresholds and states of requirements based on the principle of MCS. Defining and interpreting specifications, or requirements, is critical in systems design, development, and governance. Problems with the specifications themselves range from not enough detail (over-simplification) to complicated or intricate detail (over-specification). Lack of detail causes assumptions or the use of historical data in new projects with new technology. Over-specification can stifle creativity and make it difficult to identify the critical specifications. Between these extremes is where valuable specifications exist. Herbst (1974) drew from developments in molecular engineering, bio-simulation, and socio-technical systems in describing MCS as a departure from what had been commonly thought of as necessary -meaning a complete, detailed specification or optimal technical solution must be presented up front. He concluded that although designs should not include specifications of the final outcome, there should be accepted definitions of system characteristics and the conditions that will make it possible to develop the system. He added that growth comes in stages for the targeted social system and suggested that a viable socio-technical system exists at each stage. This implies agreement with a call for continuous evaluation of MCS by the metasystem in its governance role and with the utility of remaining cognisant of the conceptual states of over-simplification, MCS, and over-specification, in that system specification can reside in or shift between zones purposefully or inadvertently.
One of Keating et al.'s (2003) implications of SoSE for systems engineering practitioners is that they should assume the initial problem definition is always incorrect because complex SoS problems contain uncertainty and ambiguity in the environment, boundaries, and stakeholder interests. Despite this challenge, Keating provided guidance that helps practitioners navigate through specification change by suggesting they continually ask six questions:
1 How have we facilitated continuous questioning of the problem assumptions?
2 What conditions could cause the problem to be redefined? 3 In what way is it possible for the initial problem to change? 4 What is the minimal level of partial system solution that can be deployed?
5 Are both the system and deployment approach designed for rapid transformation?
6 How does the SoS provide for rapid transformation?
In the latter three questions, Keating suggests transformation capability and system iteration should be a high priority in system design characteristics. This aligns directly with the design principle of MCS and the concept of specification states described in Figure 2 because the latter three questions help: 1 establish and maintain awareness of what state the system's specifications are in 2 manage risk associated with being in the over-simplification or over-specification states.
In a later work, Keating et al (2008) specifically discussed requirements in the second of five implications related to the development of the field of SoSE. It was also suggested requirements are simultaneously loose and tight and that as understanding of a given problem set increases so does the development of requirements. Figure 2 represents this as a shift in state initiated by events such as system transition, perturbations, transformation, emergence, or the result of balancing tensions or variety amongst and between S2-S5 and S1(s). As Keating indicated, having this perspective respects the ambiguous, unstable, and shifting nature of complex problems. It also respects the SoSE design principle of MCS and suggests the importance of metasystem governance being based, at least in part, on awareness of how governance actions may change the state of specifications and impose risk on the system.
Governance implications on S1(s)
The relationship between the SoSE design principles of autonomy, self-organisation and MCS identifies that in a system where autonomy of individuals is assured through use of MCS it is possible to establish a basis for self-organisation. However, there is potential for risk of confusion if a system design changes or other governance-related alterations take place, which means participants S1(s) might have to exert more effort to organise due to lack of strict specifications and boundaries (Nonaka, 1994) . A caution is due when the use of MCS results in the tendency to focus more on one or two aspects of governance rather than addressing it holistically. An example is when a design principle that is generally adopted results in technology and team structure being the focus rather than the customer or system output (Neal et al., 1995) . In this case the application of the design principle appears to lack the identification or verification of the MCS, perhaps due to over-simplification at the metasystem level. Herbst (1974) determined criteria for achieving an optimal solution depends on if it is obtained by the unit recognising: 1 no external supervision 2 no external control of its internal functioning 3 no internal staff concerned with supervision, control, or work coordination.
Governance implications on metasystem S2, S3, and S3*
He further identified that management should primarily play a support and mediation role and provided examples of the benefits as: 1 workforce conflict disappears within the workforce and between the workforce and management 2 opportunity to learn exists for workers, work groups, and organisations 3 reduced overhead and management costs.
Resolving conflict is also a metasystem function. Conflict is caused by many factors including ambiguity and constraint in system specifications. Taibi (2010) proposed an approach to detect and resolve conflicts that may occur when merging object-oriented formal specifications. The approach starts by comparing specifications developed in isolated groups to determine differences. The approach advances by integrating the differences into a shared specification and finally checks the differences against defined consistency rules to detect and resolve any violations existing after the merge. An example regarding implications on the metasystem's coordination function is enterprise resource planning (ERP) systems being at odds with the principle of MCS. The risk of using ERP systems is that while the symptoms of complex structure are countered the underlying problem of unnecessary complexity is not solved. The design of ERP systems leads to a tendency to create tasks that are functionally decomposed. This segregation of control leads to higher levels of required coordination. In light of this, ERP systems can be seen as a tool to support primary processes which are used as a starting point, rather than working exclusively within ERP logic (Benders et al., 2006) .
Regarding coordination and audits, a unified systems approach to management supports a holistic design and has three advantages according to Jorgensen and Simonsen (2002): 1 less bureaucracy and confusion between standards 2 simpler and more manageable audits Arguably, this also relates to the metasystem S5 function but is included here for convenience in discussing S3* and in recognising its linkage to S5 through interaction with S3. Lee et al. (1999) capture an example of a system generating what amounts to MCS. Lee et al.'s perspective of the purpose of specification and its analysis being to increase the level of confidence in time-critical and safety-critical real-time systems at the early stages of their development provides evidence of the need to monitor and respond to changing specifications. Lee et al. demonstrated the importance of modelling to produce correct overall specifications and realistic simulation data. This seems to validate the need to perform similar techniques at the human level in systems development. Continuous analysis of requirements characterises their state to indicate potential risk and possible causes. Lee et al. indicated this analysis might be performed manually or in an automated fashion. Pava (1983) and later Dooley et al. (2000) identified the use of MCS for compiling and monitoring the essential details of actions to organise resources for systems innovation, a metasystem S4 function. Dooley, et al showed that due to resource limitations a ranking system should be used to evaluate actions relative to goals and constraints but clarified that each action is defined to its MCS and ranked in order of preference, which provides management with adequate information to make approval decisions. If the action is approved it can then be specified in further detail. Dooley, et al concluded this approach aligns actions with existing goals and constraints, which seems to indicate the need to perform this strategy continuously as part of the metasystem S5 function. Pava (1983) , drawing from Herbst (1974) , suggests that socio-technical analysis should proceed only by specifying things that must be defined, leaving room for two beneficial outcomes. The first is that it allows room for subsequent contributions from others, which is important because they are likely to come well after the initial design. The second is that it allows room for subsequent adaptation while retaining emphasis on essential specifications, which is important because this actually initiates change by unfreezing assumptions and constraints. As an added benefit, Pava identified that virtually every aspect of work comes under scrutiny in a way that encourages problem solving. One conclusion from Pava is the following list of suggestions regarding work system design, which Pava described using a case study: 1 use both a mission statement and philosophy statement to write a charter which stresses mission and objectives 2 list specific responsibilities that should be distributed and those that should be centralised 3 articulate a management philosophy and the MCS which encourage whole jobs rather than isolated tasks 4 use MCS as a guideline or framework for subsequent actions and, where feasible, in place of intricate blueprints.
Governance implications on metasystem S4 and S5
Conclusions and future research
Continual evaluation of system specifications is necessary to manage change created when new understanding of the system's personnel, organisation, or capability emerges. Problems with specifications arise when they are over-simplified or over-specified. A metasystem's functions include crafting and managing requirements to maintain system specifications to be the set of MCS. This can be done manually, semi-automated, or automated. This state of MCS provides holistic objectives to the system, fosters creativity, and allows for autonomy while ensuring the system remains integrated and viable. Any lack of detail in specifications will risk assumptions or gross conceptual errors in development of solutions. Too much detail will risk trivialising critical specifications and stifling creativity. Strategies exist to properly design and maintain the MCS necessary for system viability and governance of complex systems. Benefits may be realised from a study of the specific application of MCS related to the metasystem perspective and complex system governance, balanced with other SoSE design principles and in SoSE problem set. Because continuous evaluation of system specifications is necessary, investigating automated or semi-automated requirements management applications could benefit metasystem performance improvement and future efforts in governance of complex systems. Although Beer provides an extensive perspective on the metasystem in his VSM, an effort to develop detailed descriptions of the metasystem functions for governance of latter-day complex systems could also prove fruitful.
